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L7 ANSWER 1 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI Methods for synthesis of human insulin-like growth factor 1 in 

*** transgenic*** plant ***chloroplasts*** for production of vaccine 
PY 2004 

L7 ANSWER 2 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI Expression of human interferon in ***transgenic*** 

***chloroplasts*** 
PY 2004 
2004 

L7 ANSWER 3 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI ***Chloroplast*** expression of genes for enzymes of mercury 

metabolism and the phytoremediation of organomercurial contamination 

PY 2004 
2004 

L7 ANSWER 4 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation, on 
STN 

TI Genetic engineering of plant ***chloroplasts*** 
PY 2004 

L7 ANSWER 5 OF 59 CA COPYRIGHT 2005 ACS on STN DUPLICATE 1 

TI Enhanced translation of a ***chloroplast*** -expressed RbcS gene 

restores small subunit levels and photosynthesis in nuclear RbcS antisense 

plants 
PY 2004 

L7 ANSWER 6 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN 

TI Expression of Bacillus anthracis protective antigen in ***transgenic*** 
***chloroplasts*** of tobacco, a non-food/feed crop. 



■pY 2004 



L7- ANSWER 7 OF 59 CA COPYRIGHT 2005 ACS on STN DUPLICATE 2 

TI ***Plastid*** -expressed betaine aldehyde dehydrogenase gene in carrot 

cultured cells, roots, and leaves confers enhanced salt tolerance 
PY 2004 

L7 ANSWER 8 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI High-yield expression of a viral peptide animal vaccine in 

*** transgenic*** tobacco ***chloroplasts*** 
PY 2004 

L7 ANSWER 9 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI Expression of protective antigens in ***transgenic*** 

***chloroplasts*** and the production of improved vaccines 
PY 2003 

2003 

2004 

L7 ANSWER 10 OF 59 BIOS IS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN 

TI Genetic engineering of plant ***chloroplasts*** 
PY 2003 

L7 ANSWER 11 OF 59 CA COPYRIGHT 2005 ACS on STN DUPLICATE 3 

TI Phytoremediation of organomercurial compounds via ***chloroplast*** 

genetic engineering 
PY 2003 

L7 ANSWER 12 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI Engineering the ***chloroplast*** genome for biotechnology 

applications 
PY 2003 

L7 ANSWER 13 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI A ***chloroplast*** *** transgenic*** approach to hyper-express and 

purify Human Serum Albumin, a protein highly susceptible to proteolytic 
degradation 

PY 2003 

L7 ANSWER 14 OF 59 CA COPYRIGHT 2005 ACS on STN DUPLICATE 4 

TI Accumulation of trehalose within ***transgenic*** ***chloroplasts*** 

confers drought tolerance 
PY 2003 

L7 ANSWER 15 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI Engineering the ***chloroplast*** genome to confer stress tolerance 

and production of pharmaceutical proteins 
PY 2002 

L7 ANSWER 16 OF 59 CA COPYRIGHT 2005 ACS on STN DUPLICATE 5 

TI Multigene engineering: dawn of an exciting new era in biotechnology 

PY 2002 

L7 ANSWER 17 OF 59 CA COPYRIGHT 2005 ACS on STN DUPLICATE 6 
TI Milestones in ***chloroplast*** genetic engineering: An 

environmentally friendly era in biotechnology 
PY 2002 

L7 ANSWER 18 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI Environmentally friendly approaches in biotechnology: engineering the 

***chloroplast*** genome to confer stress tolerance 
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L7 ANSWER 19 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation. on 
• STN 

TI Expression of Bacillus anthracis protective antigen in ***transgenic*** 

***chloroplasts*** towards the development of an improved vaccine or an 
edible vaccine. 
PY 2002 

L7 ANSWER 20 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation, on 
STN 

TI Optimization of codon composition and regulatory elements for expression 
of human insulin-like growth factor 1 in *** transgenic*** 
* * *chloroplast s* * * 
PY 2002 

L7 ANSWER 21 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation, on 
STN 

TI Expression of monoclonal antibodies in *** transgenic*** 

***chloroplasts*** 
PY 2002 

L7 ANSWER 22 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN 

TI Expression of synthetic human hemoglobin genes in *** transgenic*** 

tobacco ***chloroplasts*** 
PY 2002 

L7 ANSWER 23 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation, on 
STN 

TI Manipulation of gene regulation in *** transgenic*** tobacco 

***chloroplasts*** results in hyper-expression of human serum albumin, 
formation of inclusion bodies and facilitates purification. 
PY 2002 

L7 ANSWER 24 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN DUPLICATE 7 

TI Efficient ***chloroplast*** ***transformation*** of tomato with an 

edible selectable marker. 

PY 2002 

L7 ANSWER 25 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN 

TI Expression of the Bt {cry2Aa2) gene in *** transgenic*** cotton 

***chloroplasts*** 
PY 2002 

L7 ANSWER 26 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN 

TI Expression of glpA/B operon in ***transgenic*** ***chloroplasts*** 

to degrade glyphosate. 
PY 2002 

L7 ANSWER 27 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI Production of human insulin-like growth factor I (IGF-I) , human serum 
albumin (HAS) , or interferons (IFN) via *** transgenic*** 
***chloroplast*** genome in tobacco 
PY 2001 

L7 ANSWER 28 OF 59 CA COPYRIGHT 2005 ACS on STN 

XI ***Transgenic*** tobacco expressing SIgA genes to produce assembled 

antibody for therapeutic uses 
PY 2001 



L7 ANSWER 29 OF 59 CA COPYRIGHT 2 005 ACS on STN 

TI Expression of an antimicrobial peptide via the ***plastid*** genome to 

control phytopathogenic bacteria 
PY 2001 

L7 ANSWER 30 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI ***Transgenic*** plants expressing yeast trehalose -6 -phosphate 

synthase (TPSl) for tolerance of drought stress 
PY 2001 

L7 ANSWER 31 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI Expression of multiple genes in a single operon in plants and uses as 

insecticides and in degrading inorganic or organic metal compounds in soil 
and water 

PY 2001 

L7 ANSWER 32 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI Methods of engineering the ***chloroplast*** genome with 

antibiotic-free phytotoxic agents as a system of selection 
PY 2001 

L7 ANSWER 33 OF 59 CA COPYRIGHT 2 005 ACS on STN DUPLICATE 8 

TI Expression of the Native Cholera Toxin B Subunit Gene and Assembly as 

Functional Oligomers in ***Transgenic*** Tobacco ***Chloroplasts*** 
PY 2001 

L7 ANSWER 34 OF 59 CA COPYRIGHT 2005 ACS on STN DUPLICATE 9 

TI Expression of an antimicrobial peptide via the ***chloroplast*** 

genome to control phytopathogenic bacteria and fungi 
PY 2001 

L7 ANSWER 35 OF 59 BIOS IS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN 

TI ***Chloroplast*** ***transgenic*** approach for the production of 

biopharmaceuticals and resolution of basic questions on gene expression. 
PY 2001 

L7 ANSWER 36 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI Antibiotic -free ***chloroplast*** genetic engineering - an 

environmentally friendly approach 
PY 2001 

L7 ANSWER 37 OF 59 BIOS IS COPYRIGHT (c) 2005 The Thomson Corporation, on 
STN 

TI Antibiotic-free ***chloroplast*** genetic engineering: An 

environmentally friendly approach. 
PY 2001 

L7 ANSWER 38 OF 59 CA COPYRIGHT 2 005 ACS on STN DUPLICATE 10 
TI Marker free *** transgenic*** plants: engineering the 

***chloroplast*** genome without the use of antibiotic selection 
PY 2001 

L7 ANSWER 39 OF 59 CA COPYRIGHT 2005 ACS on STN DUPLICATE 11 

TI Overexpression of the Bt cry2Aa2 operon in ***chloroplasts*** leads to 

formation of insecticidal crystals 
PY 2001 

L7 ANSWER 40 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI Stable expression of a biodegradable protein-based polymer in tobacco 

***chloroplasts*** 
PY 2000 



L7 ANSWER 41 OF 59 CA COPYRIGHT 2005 ACS on STN 

TI Universal ***chloroplast*** integration and expression vectors, 

*** transformed*** plants and their products 
PY 1999 

L7 ANSWER 42 OF 59 CA COPYRIGHT 2005 ACS on STN DUPLICATE 12 

TI Overexpression of the Bacillus thuringiensis (Bt) Cry2Aa2 protein in 

***chloroplasts*** confers resistance to plants against susceptible and 
Bt -resistant insects 
PY 1999 

L7 ANSWER 43 OF 59 BIOS IS COPYRIGHT (c) 2005 The Thomson Corporation, on 
STN 

TI Environmentally friendly approaches to genetic engineering. 
PY 1999 

L7 ANSWER 44 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN 

TI Stable expression of a biodegradable protein-based polymer in tobacco 

***chloroplasts*** 
PY 1999 

L7 ANSWER 45 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN 

TI ***Plastid*** - *** trans formed*** rice. 

PY 1999 

L7 ANSWER 46 OF 59 CA COPYRIGHT 2005 ACS on STN DUPLICATE 13 

TI Containment of herbicide resistance through genetic engineering of the 

***chloroplast*** genome 
PY 1998 

L7 ANSWER 47 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation, on 
STN 

TI ***Chloroplast*** ***transf ormation*** of rice. 

PY 1998 

L7 ANSWER 48 OF 59 CA COPYRIGHT 2005 ACS on STN 
TI Genetic engineering of plant ***chloroplasts*** 
PY 1997 

L7 ANSWER 49 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN 
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AB Transient expression of . beta . -glucuronidase (GUS) in different cellular 
compartments followed biolistic delivery of ***chloroplast*** or 
nuclear expression vectors into wheat leaves or calli, derived from anther 
culture or immature embryos, is reported. When pBI121, the nuclear GUS 
vector, was used in bombard wheat cells, the .beta. -glucuronidase product, 
an insol . indigo dye, was obsd. evenly throughout the cytosol . But, when 
the ***chloroplast*** expression vector pHD203-GUS was used for 
bombardments, the indigo dye (GUS product) was subcellularly localized 
within the ***chloroplasts*** of wheat cells. The observation of GUS 
expression in albino ***plastids*** , when anther culture derived 
albino leaves were bombarded with the ***chloroplast*** expression 
vector pHD2 03-GUS, suggests the presence of a functional protein synthetic 
machinery in these organelles. GUS expression was also obsd. in 
regenerable calli derived from wheat immature embryos bombarded with 
pHD203-GUS. Leaves or calli bombarded with pUC19, as neg. controls, did 
not show any GUS expression. These results constitute the 1st 
demonstration of foreign gene expression in ***chloroplasts*** of a 
monocot and that a dicot ***chloroplast*** promoter functions in a 
monocot ***chloroplast*** 

AN 115:43339 CA 



TI Transient expression of . beta . -glucuronidase in different cellular 

compartments following biolistic delivery of foreign DNA into wheat leaves 
and calli 

AU ***Daniell, H.*** ; Krishnan, M. ; McFadden, B, F. / 

CS Dep. Biol. Sci., Univ. Idaho, Moscow, ID, 83843, USA 
SO Plant Cell Reports (1991), 9(11), 615-19 
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AB An efficient and highly reproducible delivery system was developed, using 
an improved biolistic ***transf ormation*** device, that facilitates 
transient expression of . beta . -glucuronidase (GUS) in ***chloroplasts*** 
of cultured tobacco suspension cells. Cultured tobacco cells collected on 
filter papers were bombarded with tungsten particles coated with pUCllS or 
pBIlOl.3 (neg. controls), bBI505 (pos. nuclear control) or a 

***chloroplast*** expression vector (pHD203-GUS) , and were assayed for 
GUS activity. No GUS activity was detected in cells bombarded with pUCllB 
or pBIlOl.3. Cells bombarded with pBI505 showed high levels of expression 
with blue color being distributed evenly throughout the whole cytosol of 
the ***transformants*** . PHD203-GUS was expressed exclusively in 

***chloroplasts*** . This conclusion was based on: (i) the prokaryotic 
nature of the promoter used in the ***chloroplast*** expression 
vector; (ii) delayed GUS staining; (iii) localization of blue color within 
subcellular compartments corresponding to ***plastids*** in both shape 
and size; and (iv) confirmation of organelle-specif ic expression of 
pHD203-GUS using PEG-mediated protoplast ***transf ormation*** 

***Chloroplast*** *** transformation*** efficiencies increased 

dramatically (about 200-fold) using an improved helium-driven biolistic 
device, as compared to the more commonly used gun powder charge-driven 
device. Using GUS as a reporter gene and the improved biolistic device, 
optimal bombardment conditions were established, consistently producing 
several hundred transient ***chloroplast*** ***transformants*** 
per Petri plate. ***Chloroplast*** ***trans formation*** 

efficiency was found to be increased further (20-fold) with supplemental 
osmoticum (0.55 M sorbitol and 0.55 M mannitol) in the bombardment and 
incubation medium. This system provides a highly effective mechanism for 
introducing and expressing plasmid DNA within higher-plant 

***chloroplasts*** , and the fact that GUS functions as an effective 
marker gene now makes many genetic studies possible which were not 
possible before - 
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AB Expression of chloramphenicol acetyl transferase (cat) by suitable vectors 
in ***chloroplasts*** of cultured tobacco cells, delivered by 
high-velocity microprojectiles, is reported here. Several 

***chloroplast*** expression vectors contg. bacterial cat genes, placed 
under the control of either the psbA promoter region from pea (pHD series) 
or the rbcL promoter region from maize (pAC series) have been used in this 
study. In addn., ***chloroplast*** expression vectors contg. replicon 
fragments from pea, tobacco, or maize ***chloroplast*** DNA have also 
been tested for efficiency and duration of cat expression in 

***chloroplasts*** of tobacco cells. Cultured NTl tobacco cells 
collected on filter papers were bombarded with tungsten particles coated 
with pUCllS (neg. control) , 35S-CAT (nuclear expression vector) , pHD312 
(repliconless ***chloroplast*** expression vector) , and pHD407, 
pACplS, and pACpl9 { ***chloroplast*** expression vectors with 
replicon) . Sonic exts. of cells bombarded with pUCllS showed no 
detectable cat activity in the autoradiograms . Nuclear expression of cat 
reached two -thirds of the maximal 48 h after bombardment and the maximal 
at 72 h. Cells bombarded with ***chloroplast*** expression vectors 
showed a low level of expression until 48 h of incubation. A dramatic 
increase in the expression of cat was obsd. 24 h after the addn. of fresh 
medium to cultured cells in samples bombarded with pHD407; the 
repliconless vector pHD312 showed about 50% of this maximal activity. The 
expression of nuclear cat and the repliconless ***chloroplast*** 
vector decreased after 72 h, but a high level of ***chloroplast*** cat 
expression was maintained in cells bombarded with pHD407. 
Organelle-specif ic expression of cat in appropriate compartments was 
checked by introducing various plasmid constructions into tobacco 
protoplasts by electroporation. Although the nuclear expression vector 
35S-CAT showed expression of cat, no activity was obsd. with any 

***chloroplast*** vectors . 
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TI Transient foreign gene expression in ***chloroplasts*** of cultured 
tobacco cells after biolistic delivery of ***chloroplast*** vectors 
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K. K. ; Sanford, J. C. 

CS Dep. Biol. Sci., Univ. Idaho, Moscow, ID, 83843, USA 

SO Proceedings of the National Academy of Sciences of the United States of 

America (1990), 87(1), 88-92 

CODEN: PNASA6; ISSN: 0027-8424 
DT Journal 
LA English 

L7 ANSWER 59 OF 59 BIOSIS COPYRIGHT (c) 2005 The Thomson Corporation. on 
STN 

AB In early biological evolution anoxygenic photosynthetic bacteria may have 
been established through the acquisition of ribulose bisphosphate 
carboxylase -oxygenase (Rubisco) . The establishment of cyanobacteria may 
have followed and led to the production of atmospheric oxygen. It has 
been postulated that a unicellular cyanobacterium evolved to cyanelles 
which were evolutionary precursors of ***chloroplasts*** of both green 
and non-green algae. The latter probably diverged from ancestors of green 



algae as evidenced by the occurrence of large (L) and small (S) subunit 
genes for Rubisco in the ***chloroplast*** genome of the chromophytic 
algae Olisthodiscus luteus. In contrast, the gene for the S subunit was 
integrated into the nucleus in the evolution of green algae and higher 
plants. The evolutionary advantages of this integration are uncertain 
because the function of S subunit s is unknown. Recently, two forms of 
Rubisco (L8 and L8S8) of almost equivalent carboxylase and oxygenase 
activity have been isolated from the photosynthetic bacterium Chromatium 
vinosum. This observation perpetuates the enigma of S subunit function. 
Current breakthroughs are imminent, however, in our understanding of the 
function of catalytic L subunits because of the application of 
deoxyoligonucleotide-directed mutagenesis. Especially interesting mutated 
Rubisco molecules may have either enhanced carboxylase activity or higher 
carboxylase: oxygenase ratios. Tests of expression, however, must await 
the insertion of modified genes into the nucleus and ***chloroplasts*** 
Methodology to accomplish ***chloroplast*** ***transformation*** 
is as yet unavailable. Recently, we have obtained the first 

*** trans format ion*** of cyanobacteria by a colEl plasmid. We regard 
this *** trans format ion*** as an appropriate model for 
* * * chloroplas t * * * * * * trans format ion* * * 
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TI Cytokinin stimulates polyribosome loading of nuclear -encoded mRNAs for the 
***plastid*** ATP synthase in etioplasts of Lupinus luteus: the complex 

accumulates in the inner- envelope membrane with the CFl moiety located 

towards the stromal space 
PY 2004 
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TI Development of a luc if erase reporter gene, luxCt, for Chlamydomonas 

re inhardt i i * * * chloropl as t * * * 
PY 2004 
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TI Use of ***chloroplast*** transcription and translation signals and 
codon bias in expression of foreign genes in photosynthetic cells 

PY 2003 
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TI The 5 * -proximal hairpin of turnip yellow mosaic virus RNA: Its role in 

translation and encapsidation 
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TI Multiple translational control sequences in the 5' leader of the 

***chloroplast*** psbC mRNA interact with nuclear gene products in 
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TI The stem-loop region of the tobacco psbAB'UTR is an important determinant 

of mRNA stability and translation efficiency 
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TI Overexpression of the clpP ***5*** i- ***untranslated*** 

***region*** in a chimeric context causes a mutant phenotype, suggestin 
competition for a clpP- specif ic RNA maturation factor in tobacco 

***chloroplasts*** 
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TI Development of a GFP reporter gene for Chlamydomonas reinhardtii 
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TI Protoporphyrinogen oxidase genes of crop plants and their use in the 

development of herbicide-resistant plants 
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TI Specific sequence elements in the ***5*** i ***untranslated*** 

***regions*** of rbcL and atpB gene mRNAs stabilize transcripts in the 
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TI Method for producing ***transgenic*** plants resistant to glyphosate 
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PY 2000 
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TI Translation control elements for high-level protein expression in the 

***plastids*** of higher plants and methods of use thereof 
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TI cis- and trans-acting determinants for translation of psbD mRNA in 

Chlamydomonas reinhardtii 
PY 2000 

L18 ANSWER 16 OF 37 CA COPYRIGHT 2005 ACS on STN DUPLICATE 9 
TI The sequence and secondary structure of the 3 ' -UTR affect 3 * -end 
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TI Genes encoding herbicide inhibitor-resistant mutants of plant 

protoporphyrinogen oxidase and ***transgenic*** plants expressing same 
PY 1998 
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TI Mutations altering the predicted secondary structure of a 

***chloroplast*** ***5*** i ***untranslated*** ***region*** 

affect its physical and biochemical properties as well as its ability to 
promote translation of reporter mRNAs both in the Chlamydomonas 
reinhardtii ***chloroplast*** and in Escherichia coli 
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translation efficiency 
PY 1999 

L18 ANSWER 23 OF 37 CA COPYRIGHT 2005 ACS on STN DUPLICATE 14 
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TI RNA stability and translational regulatory elements in the ***5*** i 
***untranslated*** ***regions*** of two Chlamydomonas 
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TI Post -transcriptional regulation of ***chloroplast*** gene expression 

in Chlamydomonas reinhardtii 
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TI petD mRNA maturation in Chlamydomonas reinhardtii ***chloroplasts*** : 

role of 5' endonucleolytic processing 
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TI The petD gene is transcribed by functionally redundant promoters in 

Chlamydomonas reinhardtii ***chloroplasts*** 
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TI Translation of psb A mRNA is regulated by light via the ***5*** i- 

***untranslated*** ***region*** in tobacco ***plastids*** 
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AB The ***plastid*** rRNA (rrn) operon promoter was fused with DNA 

segments encoding the leader sequence ( ***5*** ***untranslated*** 

***region*** [ ***UTR*** ]) of ***plastid*** mRNAs to compare 
their efficiency in mediating translation of a bacterial protein neomycin 
phosphotransferase (NPTII) in tobacco (Nicotiana tabacum) 

***chloroplasts*** . In young leaves, NPTII accumulated at 0.26% and 
0.8% of the total sol. leaf protein from genes with the clpP and atpB 

***5*** i_ ***UTR*** , resp. Interestingly, expression of NPTII from 
the promoter with the clpP ***5*** ***utr*** (0.26% NPTII) caused 

a mutant (chlorotic) phenotype, whereas plants accumulating approx. 0.8% 
NPTII from the atpB ***5*** i_ ***utr*** were normal green, 
indicating that the mutant phenotype was independent of NPTII 



accumulation. Low levels of monocistronic clpP mRNA and accumulation of 
intron-contg. clpP transcripts in the chlorotic leaves suggest competition 
between the clpP ***5*** ***xjtr*** in the chimeric transcript and 

the native clpP pre-mRNA (ratio 16:1) for an mRNA maturation factor. 
Because maturation of 11 other intron-contg . mRNAs was unaffected in the 
chlorotic leaves, it appears that the factor is clpP specific. The mutant 
phenotype is correlated with reduced levels (approx. 2 times) of the ClpPl 
protease subunit, supporting an important role for ClpPl in 

***chloroplast*** development. . y 
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AB Using a series of point mutations in chimeric reporter gene constructs 
consisting of the 5' regions of the Chlamydomonas ***chloroplast*** 
rbcL or atpB genes fused 5 ' to the coding sequence of the bacterial uidA 
(GUS) gene, RNA-stabilizing sequence elements were identified in vivo in 
the ★**5*** ' ***untranslated*** ***regions*** ( ***5*** * 

***UTRs*** ) of transcripts of the ***chloroplast*** genes rbcL and 
atpB in Chlamydomonas reinhardtii. In chimeric rbcL ***5*** « 

***UTR*** :GUS transcripts, replacement of single nucleotides in the 
10-nt sequence 5 ' -AUUUCCGGAC-3 ' , extending from positions +38 to +47 
relative to the transcripts' 5' terminus, shortened transcript longevity 
and led to a redn. in transcript abundance of more than 95%. A similar 
mutational anal, of atpB ★**5*** i ***UTR*** :GUS transcripts showed 
that the 12 -nt atpB ***5*** » ***UTR*** sequence 
5 ' -AUAAGCGUUAGU-3 • , extending from position +31 to position +42, is 
important for transcript stability and transcript accumulation in the 

***chloroplast*** of Chlamydomonas. We discuss how the ***5*** » 

***UTR*** sequence elements, which are predicted to be part of RNA 
secondary structures, might function in RNA stabilization. / 
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TI Specific sequence elements in the ***5*** » ***untranslated*** 

***regions*** of rbcL and atpB gene mRNAs stabilize transcripts in the 
***chloroplast*** of Chlamydomonas reinhardtii 

AU Anthonisen, Inger Lill; Salvador, Maria L. ; Klein, Uwe 

CS Department of Biology, University of Oslo, Oslo, 0316, Norway 

SO RNA (2001), 7(7), 1024-1033 

CODEN: RNARFU; ISSN: 1355-8382 

PB Cambridge University Press 

DT Journal 

LA English 

RE.CNT 53 THERE ARE 53 CITED REFERENCES AVAILABLE FOR THIS RECORD 
ALL CITATIONS AVAILABLE IN THE RE FORMAT 

L18 ANSWER 16 OF 37 CA COPYRIGHT 2005 ACS on STN DUPLICATE 9 

AB RNA maturation and modulation of RNA stability play important roles in 

***chloroplast*** gene expression. In vitro and in vivo studies have 
shown that both the ***5*** and 3'- ***untranslated*** 

***regions*** (UTRs) contain sequence and structural elements that guid 



these processes, and interact with specific proteins. We have previously 
characterized the spinach ***chloroplast*** petD 3 * -UTR in detail by 
in vitro approaches. This stem-loop forming sequence is a weak terminator 
but is required for RNA maturation and also exhibits sequence- specif ic 
protein binding. To test petD 3 ' -UTR function in vivo, tobacco 

***chloroplast*** ***transf ormants*** were generated contg. uidA 

reporter genes flanked by variants of the petD 3 ' -UTR, including one which 
does not form an RNA-protein complex in vitro, and one which lacks a 
stem-loop structure. Anal, of uidA mRNA indicated that a stable secondary 
structure is required to accumulate a discrete mRNA, and that changes in 
the 3 ' -UTR sequence which affect protein binding in vitro can also affect 
RNA metab. in vivo. The 3 * -UTR also influenced .beta. -glucuronidase 
protein accumulation, but not in proportion to RNA levels. These results 
raise the possibility that in tobacco ***chloroplasts*** , the 3 ' -UTR 
may influence translational yield. 
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AB Random mutations were generated in the sequence for the ***5*** • 

***untranslated*** ***region*** { ***5*** ' ***UTR*** ) of the 

Chlamydomonas reinhardtii ***chloroplast*** rps7 mRNA by PCR, the 
coding sequence for the mutant leaders fused upstream of the lacZ' 
reporter in pUC18, and ***transf ormed*** into Escherichia coli, and 
white colonies were selected. Twelve single base pair changes were found 
at different positions in the rps7 ***5*** f ***UTR*** in 207 white 
colonies examd. Seven of the 12 mutant leaders allowed accumulation of 
abundant lacZ' message. These mutant rps7 leaders were ligated into an 
aadA expression cassette and ***transf ormed*** into the 

***chloroplast*** of C. reinhardtii and into E. coli. In vivo 
spectinomycin-resistant growth rates and in vitro aminoglycoside \/ 
adenyltransferase enzyme activity varied considerably between different ^ 
mutants but were remarkably similar for a given mutant expressed in the 
Chlamydomonas ***chloroplast*** and in E. coli. The variable effect 
of the mutants on aadA reporter expression and their complete abolition of 
lacZ' reporter expression in E. coli suggests differences in the 
interaction between the ★**5*** » ★**utr*** of rps7 and aadA or 
lacZ' coding regions. Several rps7 ***5*** • ***UTR*** mutations 
affected the predicted folding pattern of the ***5*** » ***utr*** by 
weakening the stability of stem structures. Site-directed secondary- 
mutations generated to restore these structures in the second stem 
suppressed the loss of reporter activity caused by the original mutations. 
Addnl . site-directed mutations that were predicted to further strengthen 
(A-U. fwdarw.G-C) or weaken (G-C . fwdarw. A-U) the second stem of the rps7 
leader both resulted in reduced reporter expression. This genetic 
evidence combined with differences between mutant and wild-type UV melting 
profiles and RNase Tl protection gel shifts further indicate that the 
predicted wild-type folding pattern in the ***5*** i ***utr*** is 
likely to play an essential role in translation initiation. 
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AB ***5*** • And 3' ***untranslated*** ***regions*** (UTRs) of 

***plastid*** RNAs act as regulatory elements for post-transcriptional 
control of gene expression. Polyethylene glycol -mediated ***plastid*** 

***transformation*** with UTR-GUS reporter gene fusions was used to 
study the function of the psbA, rbcL and rpl32 UTRs in vivo. All gene 
fusions were expressed from the same promoter, i.e. the promoter of the 
16S-rRNA gene, such that variations in RNA and protein levels would be due 
to the involved UTR elements alone. ***Transgenic*** tobacco lines 
contg. different combinations of UTRs showed fivefold variation in the 
uidA-mRNA level (RNA stability) and approx. 100 -fold differences in GUS 
activity, a measure of translation activity. The rbcL ***5*** i- 

***UTR*** conferred greater mRNA stability than the psbA ★★★s*** »- 
***UTR*** on uidA transcripts. In contrast, the psbA ***5*** 
***UTR*** enhanced translation of GUS to a much greater extent compared 
to the rbcL ***5*** »- ★**utr*** . The psbA ***5*** ★★★uTR*** 
also mediated light-induced activation of translation which was not obsd. 
with other constructs. Deletion mutagenesis of an unanalyzed terminal 
sequence element of the psbA ***5*** ***utr*** resulted in a 

twofold drop in uidA-mRNA level and a fourfold decrease in translation 
efficiency. Exchange of 3 ' -UTRs results in up to fivefold changes of mRNA 
levels and does not significantly influence translation efficiency. The 
mech. impacts of these results on ***plastid*** translation regulation 
are discussed. 
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